Introduction
============

Inherited macular diseases include a wide range of complex entities characterized by bilateral visual loss with significant macular abnormalities and belong to a larger group of inherited retinal diseases (IRDs). In many cases, the disease pathogenesis remains unclear. Considerable clinical and genetic heterogeneity is evident in IRDs, and various inheritance patterns, including autosomal dominant (AD), autosomal recessive (AR), and X-linked (XL) patterns, have been reported.

North Carolina macular dystrophy (NCMD; OMIM [136550](https://www.ncbi.nlm.nih.gov/omim/?term=136550)) is a unique congenital macular dystrophy with an AD inheritance pattern \[[@r1]\]. Originally, NCMD was reported in a single family living in the mountains of North Carolina, and therefore the disease was named after the founder effect of this family \[[@r2],[@r3]\]. NCMD is a non-progressive disorder characterized by a variable macular phenotype with a few small (less than 50 µm) yellow drusen-like lesions in the macular center in grade I, larger confluent lesions in grade II, and macular colobomatous lesions in grade III \[[@r4]\].

The original NCMD family disease was mapped by Small et al. \[[@r1]\] using genetic linkage analysis of chromosome 6q16 and was named MCDR1 (MC = macula, D = dystrophy, R = retina 1 = first one mapped) by the Human Genome Organization. Subsequently, multiple new NCMD families worldwide were found to be mapped to chromosome 6q16 \[[@r5]-[@r7]\]. Subsequently, the NCMD phenotype in a Danish family was mapped to chromosome 5 (MCDR3, MIM:608850) \[[@r8]-[@r10]\]. Using whole-genome sequencing, Small et al. found four rare mutations in a non-coding region of the MCDR1 locus \[[@r11]\]. Three were single base substitutions in a DNASE1 hypersensitivity site between CCNC and PRDM13. A large family from Belize was found to have a large duplication involving PRDM13 and the DNASE1 site. The Danish MCDR3 family was found to have a large duplication involving IRX1 and another DNASE1 site. This was the first study that provided strong evidence of the role of PRDM13 dysregulation in NCMD pathogenesis \[[@r11]\]. These observations were further supported by the identification of a different tandem duplication of *PRDM13* as the cause of NCMD \[[@r12]\]. By studying additional MCDR3-linked families, two distinct heterozygous tandem duplications at the MCDR3 locus, including the *IRX1* and *ADAMTS16* genes, were reported \[[@r9]\]. It should be noted that several macular dystrophies have common clinical and histopathological features similar to age-related macular degeneration (AMD) \[[@r13]\]. The clinical findings of NCMD grade 1 can be indistinguishable from those of AMD, particularly if the subject is elderly.

Here, we present the clinical and genetic characterization of a family with AD maculopathy with marked clinical variability. Two variants, one in the *PRMD13* suspected control region and the other in *CFH*, were variably found in this small family with this disease.

Methods
=======

Clinical characterization
-------------------------

The study was approved by the Hadassah medical center Institutional Review Board (IRB) and was carried out according to the Declaration of Helsinki. Subjects provided their written consent after receiving an explanation of the purpose of the study. Eight members of a family with macular dystrophy (MOL1154) underwent a comprehensive ocular examination, including best-corrected visual acuity (BCVA) testing, electroretinography (ERG), electrooculography (EOG), color vision testing using the Farnsworth D-15 panel and Ishihara tests, perimetry using the SITA-fast strategy (white target III), spectral-domain optical coherence tomography (SD-OCT), short-wave fundus autofluorescence (SWAF) imaging, and fluorescein angiography (FA) \[[@r14]\].

Genetic analysis
----------------

Blood samples were collected from each participant, and genomic DNA was isolated using a Maxwell® 16 Blood DNA Purification Kit (Promega, Madison, WI). Whole exome sequencing (WES) was performed on the genomic DNA samples of the index case (MOL1154 IV:2) and her father (MOL1154 III:2) using exomic libraries prepared using a Nextera Rapid Capture Expanded Exome Kit on a HiSeq2500 platform (Illumina, San Diego, CA). The raw sequence data files were evaluated and aligned to the human reference sequence (hg19, GRCH37) using Burrows-Wheeler Aligner (BWA), variants were identified using the GATK pipeline, and the annotation of variants was done using ANNOVAR software. The following filtering steps were implemented: (1) Only heterozygous variants that were present in the index case and absent in the unaffected father were included. (2) Missense, nonsense, frameshift indels, inframe indels, and canonical splice-site variants were included; synonymous variants were excluded. (3) Variants with minor allele frequency \> 0.005 were excluded (4). In addition, online prediction tools (Polymorphism Phenotyping v2 ([PolyPhen-2](http://genetics.bwh.harvard.edu/pph2/)); Sorting intolerant from tolerant ([SIFT](http://sift.jcvi.org/)), and [MutationTaster](http://www.mutationtaster.org/)) were used to prioritize missense variants.

Sanger sequencing of the entire exonic (and immediate intronic) region of *CFH* and the previously described suspected control region of *PRDM13* was performed on the DNA sample of the index case. PCR primers to amplify and sequence the *CFH* exons were designed using Primer3 Plus software. Primers for the suspected control region of *PRDM13* were reported previously \[[@r11]\] (Appendix 1). The amplified PCR products were analyzed by Sanger sequencing to confirm the presence of identified variants. In addition, PCR analysis of the reported copy number variation of the MCDR1 locus was performed as previously described \[[@r11]\].

Multiple sequence alignment and structural modeling
---------------------------------------------------

### Generation of multiple sequence alignments

Homologous sequences were obtained from [HomoloGene](https://www.ncbi.nlm.nih.gov/homologene). Sequence conservation was determined based on the multiple sequence alignment.

Generation of structural models of the CFH deletion mutant and estimation of the effect on structural organization and stability
--------------------------------------------------------------------------------------------------------------------------------

The Rosetta Macromolecular Modeling suite \[[@r15]\] was used to generate models of the deletion mutant and for the structure-based estimation of the effects on protein stability. Modeling the deletion involved three steps (see Appendix 1 for more details). First, clashes in the structures were removed by a minimization constrained to the starting structure to prevent large moves. Second, kinematic loop closure \[[@r16]\] was used to remodel the linker region of both the wild type (wt) and the deletion mutant (in which the linker loop was shortened by the two CFH residues L750 and K751). For each of the 20 minimized structures (one for each nuclear magnetic resonance \[NMR\] model), 20 loop closure attempts were made, and the top-scoring model was chosen. Finally, the models were minimized to adjust the relative orientation of the two domains. The energies of the lowest-scoring structures for the wt and the deletion mutant were compared to estimate the loss in stability. The effect of point mutations was estimated using the Rosetta ddG monomer application \[[@r17]\]. Visual inspection and the generation of figures of structures were performed using [Pymol](http://www.Pymol.org).

Results
=======

MOL1154 is a Georgian Jewish family consisting of six affected subjects from four generations ([Figure 1](#f1){ref-type="fig"}) who underwent comprehensive ocular examinations. Five of the subjects were diagnosed with NCMD and one with AMD. The index case (MOL1154 IV:2) was a female who was 7 years old (YO) when referred to our retina clinic due to suboptimal visual acuity identified in a school screening test. On examination, BCVA was measured as 0.70 Snellen in both eyes (BE). The anterior segments were unremarkable, and there were yellowish macular lesions surrounded by refractile drusen-like dots and RPE atrophy ([Table 1](#t1){ref-type="table"}). A perimetry test showed generalized visual field depression and a central scotoma involving the fixation point in the left eye (LE) but not in the right eye (RE). Ancillary Ishihara and Farnsworth D-15 tests showed normal color vision; a full field electroretinography (ffERG) test showed normal rod and cone responses; and an electrooculography (EOG) test showed normal RPE function. Two years later, the BCVA was 0.80 Snellen in BE with no change in ocular findings. Horizontal cross-sectional spectral domain optical coherence tomography (SD-OCT) images showed preservation of the ellipsoid zone and thickening of the inter-digitation layer in addition to RPE atrophy corresponding to the yellowish macular lesion borders. Microperimetry showed relatively unstable fixation compatible with the index case's maculopathy. Her 34 YO mother (MOL1154 III:1) started to complain of blurred vision at the age of 25. BCVA was 1.0 and 1.25 Snellen in the RE and LE, respectively. An ocular examination showed unremarkable anterior segments. SD-OCT showed overall preservation of the retinal layers except for subtle inter-digitation layer irregularity compatible with the drusen-like deposits ([Figure 2](#f2){ref-type="fig"}), and small drusen-like lesions engirdling the fovea were evident in BE ([Figure 3](#f3){ref-type="fig"}), resulting in a hyper autofluorescence dot-like pattern surrounding the fovea fixation test results in this case were within the low range of stable fixation. The 28 YO aunt (MOL1154 III:3), who had an unremarkable medical history, presented with asymmetric findings in BE, including BCVA of 0.10 and 1.0 in the RE and the LE, respectively. The anterior segments were within normal limits, but fundoscopy showed a diffuse atrophic retina with pigmentary dots and patches involving the macula (RE) and a yolk-like lesion surrounded by atrophic retina temporal to the fovea (LE). OCT scans were not available for this subject. The 64 YO grandmother (MOL1154 II:2) had a previous systemic history of hypertension, an ocular history of anisometropia, and RE amblyopia. BCVA was 0.30 Snellen in the RE and 0.80 Snellen in the LE. Fundoscopy revealed confluent yellowish spots involving the macula and the periphery combined with RPE atrophy, which appear as hyper-fluorescent lesions in short-wave autofluorescence photos, These were reflected by SD-OCT as a disruption of the inter-digitation layer combined with subfoveal pseudodrusens mainly in the RE ([Figure 2](#f2){ref-type="fig"} and [Figure 3](#f3){ref-type="fig"}). The oldest subject was the 87 YO great grandmother (MOL1154 I:2) who had a previous medical history of atrial fibrillation treated with warfarin anticoagulation therapy. On examination, BCVA was 0.20 and 0.60 (RE and LE, respectively); BE were observed to have pseudophakia and macular and peripheral drusens compatible with dry AMD. Of note, all affected subjects presented variable phenotype expressivity with no correlation between age and disease severity other than phenotype anticipation. In the younger patients (MOL1154 IV:2 and III:3), severe atrophic scarring was observed, whereas in older patients (MOL1154 III:1, II:4, and II:2), macular atrophic changes were mild and late onset. In addition, significant asymmetry was observed between the two eyes in terms of both BCVA and fundoscopic findings in three of the five affected subjects ([Table 1](#t1){ref-type="table"}). Macular lesions were congruent with NCMD.

![Pedigree of the MOL1154 family. Filled symbols designate affected individuals. The hatched round symbol represents an affected case with a milder phenotype. A square with a question mark symbol represents an individual who participated in genetic analysis, but clinical examination was not performed due to their young age. The red arrow represents the index case. The individual number is depicted below each symbol. The identified variants are depicted below the individual number: M1: *CFH* - c.2247_2252del; p.(Leu750_Lys751del), M2: chr6:100040974A\>C, +: wild-type allele.](mv-v26-299-f1){#f1}

###### Summary of clinical data of patients included in this analysis.

  **Patient ID**   **Age**   **Sex**   **BCVA**   **Anterior segment**   **Lens**   **Fundus**
  ---------------- --------- --------- ---------- ---------------------- ---------- ------------------------------------------------------------
  MOL1154 IV:2     10        F         0.70       Normal                 Clear      Macular lesion with peripheral refractile drusen-like dots
  MOL1154 III:3    28        F         0.55       Normal                 Clear      Macular lesions
  MOL1154 III:1    34        F         1.10       Normal                 Clear      Macular drusen-like lesions
  MOL1154 II:4     57        F         NA         NA                     NA         Confluent drusen-like cluster within the fovea
  MOL1154 II:2     62        F         0.55       Normal                 Clear      Macular and peripheral yellow spots
  MOL1154 I:2      87        F         0.40       Normal                 Clear      Macular and peripheral drusen

NA-data not available.

![OCT images of affected family members. Representative OCT scans of five affected individuals are shown. Individual numbers and the age in years are shown on the left. MOL1154 I:2 - preserved inner retinal layer combined with granular interdigitation layer. MOL1154 II:2 and II:4 - pseudodrusens with intact outer and inner retinal layers. MOL1154 III:1- OCT cross-sections show normal retinal structure. Note that drusen-like deposits were seen clinically but do not appear in the OCT sections. MOL1154 IV:2 - subfoveal RPE atrophy combined with thickening of the interdigitation layer, while the ellipsoid layer seems to be intact.](mv-v26-299-f2){#f2}

![Retinal imaging by fundoscopy of affected members. Representative color fundus photos of five affected individuals are shown. Individual numbers and the age in years are shown on the left. MOL1154 III:1, II:4, and II:2 - confluent foveal drusen-like clusters, while no significant findings are evident in the periphery. MOL1154 III:3 - advanced macular atrophy in both eyes with pigmentary dots and patches in RE and a yolk-like lesion surrounded by atrophic retina temporal to the fovea in LE. MOL1154 IV:2 - refractile drusen-like dots surrounding macular atrophy containing yellowish deposits. OD (oculus dextrus) - right eye; OS (oculus sinister) - left eye.](mv-v26-299-f3){#f3}

To identify the disease-causing mutation, we performed WES on the DNA samples of the index case and her unaffected father. The analysis revealed 19,003 variants in the index case (MOL1154 IV:2) and 22,062 variants in her father (MOL1154 III:2), with an average coverage of 48 reads per nucleotide. Among all variants, 3211 were prioritized based on an autosomal dominant inheritance pattern (heterozygous variants that are present in the index case and absent in her unaffected father). Following filtering steps as detailed in the Methods section, we were able to reduce the list of candidate variants to 25 (Appendix 1) and then to 8, 5 of which were predicted to be deleterious by online prediction tools (PolyPhen 2, SIFT, and MutationTaster; Appendix 1). Finally, the possible sequence variants in genes that were previously reported to be associated with IRDs were studied, and a heterozygous variant, c.2247_2252del; p.(Leu750_Lys751del) that is absent from the gnomAD database was identified in exon 15 of the complement factor H *(CFH*) gene ([Figure 4B](#f4){ref-type="fig"}). This variant was present in five of the six affected subjects (MOL1154 I:2, who had a relatively mild phenotype that is compatible with AMD, did not carry it). Multiple sequence alignment revealed that the two deleted amino acids are highly conserved among species ([Figure 5](#f5){ref-type="fig"}). Structural inspection of the NMR solved structure of the tandem CPP12--13 repeat (pdb ID 2KMS \[[@r18]\]) revealed that the deletion is located in the connecting linker (residues 746--751 AIDKLK); L750 is positioned at the center of a small hydrophobic core formed by residues in CPP12 (T724, I726) and the linker (V745, I747, K749, L750), which stabilizes the relative orientation between CPP12 and CPP13 ([Figure 6A](#f6){ref-type="fig"}). To estimate the effect of the L750-K751 deletion on protein structure and stability, we modeled the structure of the mutant protein and compared it to the corresponding structure of the wt protein using a procedure of three consecutive steps (see Methods and Appendix 1 for more details). After the removal of clashes, the linker (residues ~746~AIDKLKK~752~ in the wt and residues ~746~AIDKK~750~ in the deletion mutant) was rebuilt followed by minimization that allowed the relative orientation of the two domains to adjust. The structural models of the wt and mutant proteins reveal how the hydrophobic patch centered around L750 is destabilized upon its removal. In the mutant, the shortened linker positions D748 at the same site, thereby changing the hydrophobic side chain character to a negative charge, which significantly destabilizes the structure (ΔΔG~WT,mut~ = -15.73 Rosetta energy units \[REU\]; [Figures 6A,B](#f6){ref-type="fig"}).

![Identified genetic variants. **A**: Domains of the CFH protein that is composed of 20 repetitive units of 60 amino acids called short consensus repeats (SCRs) or complement control protein modules (CCPs). The amino acid sequence of CCPs 12 (blue color) and 13 (red color) are depicted (690--804). The eight residues that are in the black box are located in the CCP 12 and 13 linker region. The pink colored box shows amino acid residues that were found to be deleted in our study. **B**: Chromatograms of a homozygous wild type (top) and a heterozygous affected individual (bottom) with the c.2247_2252del; p.(Leu750_Lys751del) *CFH* variant. Arrows represent the beginning and the end of the six deletion nucleotides. **C**: Illustration of reported variants in chromosome 6: chr6:100020205--100143306 duplication, 100,040,906 G\>T, 100,040,987 G\>C, and 100,041,040 C\>T. The red arrow represents the location of the variant identified in the current study within the previously reported hotspot region- a DNase hypersensitivity site (blue), upstream of *PRDM13* gene (green). Genomic localization is based on human reference sequence hg19 (GRCH37). **D**: Chromatograms of a homozygous wild-type (top) and a heterozygous affected individual (bottom) with the chr6: 100040974A\>C variant.](mv-v26-299-f4){#f4}

![Partial amino acid sequence alignment of the CFH protein. The red box represents the amino acids that were found to be deleted in the present study. Red dots denote the amino acids that are highly conserved among species. Different species (human - NP 000,177.2; chimpanzee - XP 001,136,531.1; Rhesus monkey - XP 001,111,875.1; dog - XP 536,110.2; cattle - NP 001,029,108.1; house mice - NP 034,018.2; and Norway rats - NP 569,093.2) were used to check the conserved amino acids.](mv-v26-299-f5){#f5}

![Structure-based analysis of the effect of the L750-K751 deletion. CPP12, linker, and CPP13 colored in green, purple and cyan, respectively. The structure is shown in cartoon, with the linker side chain shown in sticks; residues in the two CPP domains that participate in the formation of the hydrophobic patch are shown in spheres. **A**: Structural model of wt after loop remodeling, highlighting the central position of L750. **B**: Corresponding model of the deletion mutant: in the shortened loop, D748 replaces L750, perturbing the hydrophobic character of this region and leading to destabilization. **C, D**: Different relative orientations adapted by the CPP domains in wt (**C**) and deletion mutant (**D**) indicate increased variability in orientation for the deletion mutant compared to the wt.](mv-v26-299-f6){#f6}

To estimate the contribution of the L750 side chain to stability, we performed computational point mutations of L750 to alanine (reflecting the removal of the L750 side chain) and aspartate (reflecting the local environment predicted for the mutant). The calculated changes in binding energy show similar results, indicating that indeed the interaction of the L750 side chain with the local hydrophobic patch is the main contribution of this residue to stability compared to the corresponding D748 side chain (ΔΔG~WT,L750A~ = -7.31REU; ΔΔG~WT,L750D~ = -17.26REU). Destabilization of this hydrophobic patch could well lead to changes in the relative orientation of the two domains. While the solved NMR structural models show some variation in orientation, this variation increases in the deletion mutant ([Figures 6C,D](#f6){ref-type="fig"}).

A report by Small et al. regarding the involvement of *PRDM13* in macular development \[[@r11]\] concentrated our focus on the role of *PRDM13* in the MOL1154 family. Therefore, we screened genomic areas reported to include mutations in the vicinity of *PRDM13* and identified a novel heterozygous transversion (hg19; chr6: 100040974A \> C) located within the previously described suspected control region. This variant segregated in the six affected individuals and was found in one questionably unaffected child (IV:3) and could not be found in 1000 Genomes and gnomAD. In addition, we screened 21 index cases that suffer from maculopathy (age range 15--65, 52% males, 75% sporadic and 25% AD, most pre-screened for IRD founder mutations in the appropriate population) and did not identify any possible *PRDM13-*related pathogenic variants.

Discussion
==========

The current study investigated a four-generation macular dystrophy family that has phenotypic variability consistent with NCMD. The oldest affected subject, I:2, has clinical findings suggestive of AMD and a phenocopy.

Our initial WES analysis revealed a heterozygous deletion of six nucleotides (c.2247_2252del) in *CFH*. This variant, which would be expected to contribute to the AMD phenotype, was not present in the oldest affected subject, I:2. Another hypothesis is that the *CHF*variant may be acting as a modifier gene on *PRDM13*.

CFH is a 155 kDa protein that is an abundant plasma glycoprotein \[[@r19]-[@r21]\] composed of 20 repetitive units. Each repetitive unit contains short consensus repeats (SCRs) or complement control protein modules (CCPs) that span approximately 60 residues (51--62 residues) \[[@r21]\] ([Figure 4A](#f4){ref-type="fig"}). *CFH* consists of 23 exons, where each repetitive unit is usually encoded by a single exon. Exon 1 encodes 18 amino acids at the N-terminal end for signal peptide formation; exons 3 and 4 together encode a single CCP; exon 10 does not participate in the synthesis of the *CFH* transcript but compensates in alternative transcript formation that encodes for factor H-like protein 1 (FHL-1) \[[@r22]\]. To understand the effect of the identified p.(Leu750_Lys751del) variant on protein function, we inspected the NMR solution structure of CCPs 12 and 13 that span the deletion in the linker between the two CCP domains (2KMS \[[@r18]\]; [Figure 6A](#f6){ref-type="fig"}). It has previously been reported that this central part of the repeat region in CFH (CCPs 12--14) forms a kink that allows the two ends (CCPs 1--6 and CCPs 19--20) to come together \[[@r23]\]. Indeed, the multiple sequence alignment indicates that the deleted amino acids (Leu750 and Lys751) are part of a highly conserved region among different species ([Figure 5](#f5){ref-type="fig"}), which also includes residues Thr724, Ile726, Val745, Ala746, Ile747, Leu750, His773, and Asn794 that have been previously reported as key interface residues of CCPs 12 and 13 \[[@r18]\]. The structure therefore suggests that the defined orientation between the two domains will be disrupted by removing L750. Structural models of the deletion mutant reveal that upon removal of L750-K751, the D748 side chain is positioned at the corresponding L750 site in the wt structure, thereby strongly destabilizing this hydrophobic patch. This could lead to extensive rearrangements ([Figure 6B](#f6){ref-type="fig"}). In silico mutagenesis indicates that the side chain at position 750 mainly contributes to this destabilization. This destabilization can also lead to changes in the relative orientation of the two CCP domains ([Figures 6C,D](#f6){ref-type="fig"}). Therefore, we predict that the identified variation can change the protein structure and may lead to functional consequences that can be a clue regarding the disease occurrence in this family.

The two most common variants in *CFH*, c.1204C \> T (rs1061170, p.Tyr402His) \[[@r24]\] and the intronic single nucleotide polymorphism rs1410996 \[[@r25]\], explain 17% of AMD liability. In addition, according to a previous report, p.Arg1210Cys that occurs in CCPs 19--20 and that is predicted to cause loss of function of CFH, similar to our mutation, is likely to drive AMD risk to an earlier onset age of 6 years \[[@r26]\]. This mutation has been associated with extensive macular drusen accumulation and advanced AMD \[[@r27]\]. In addition, AMD patients were found to have a relatively large number of rare variants in CFH in both functional domains, CCPs1--4 and CCPs 19--20 \[[@r28]\].These findings can explain the retinal findings in MOL1154 family members, including confluent drusen, RPE atrophy, and macular atrophy, which constitute typical fundoscopic findings in AMD patients.

The clinical features of the affected individuals of the MOL1154 family are similar to those of previously reported NCMD families \[[@r11]\]. MOL1154 III:1, II:4, and II:2 showed confluent drusen-like clusters within the fovea compatible with grade II NCMD. MOL1154 IV:2 and III:3 presented with macular atrophy compatible with grade III. Following recent reports showing that NCMD can be caused by dysregulation of the retinal transcription factor *PRDM13*, we screened *PRDM13* and its suspected control region for mutations and identified a novel heterozygous transversion (chr6: 100040974A\>C). As this variant is located within the previously described suspected control region, we suspect it could be the cause of disease, as supported by the segregation analysis. If we consider 87 YO subject II:1 to have NCMD rather than AMD, then the *PRDM13* segregates in all the affected subjects.

PRDM13 plays a key role in controlling gene expression during development \[[@r11],[@r29]\]. Macular formation is led by differential expression of genes and interaction between transcription factors (such as PRDM13), and the identification of their target genes will contribute to our understanding of this complex process \[[@r30]\]. Any malfunction in this process can lead to macular dysregulation, which causes maculopathy. Variants have also been reported in *CCNC* and *IRX1* in NCMD families, but the role of *IRX1* was not clear with respect to disease pathogenesis \[[@r11]\]. Subsequent studies by Bowne et al. supported the dysregulation of *PRDM13* as the cause of NCMD but not dysregulation of the *CCNC* gene \[[@r12]\]. However, the identification of duplications involving a DNASE1 site near but not involving *IRX1* in the MCDR3 locus in NCMD families suggests that *IRX1* may be a causal target in such cases \[[@r9]\].

In conclusion, NCMD shares important clinical and histopathological features with AMD \[[@r13]\], and therefore finding two different genomic variants in two different unlinked genes may help elucidate the mechanisms underlying these diseases. Because this family represents a rare and likely genetic isolate and because the family is small, it is difficult to be certain of any definitive causality of these findings. The *PRDM13* variant does seem to segregate in all the affected family members if the elderly subject I:2 is considered to be affected with NCMD and not AMD. This variant in the DNASE1 site upstream of *PRDM13* could be a private mutation and a new mutation causing NCMD. Larger families will need to be studied to determine the significance of these variants, particularly the *CFH* variant.
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